To determine, in a representative sample of patients drawn from a variety of hospitals, the degree of adherence to consensus recommendations for anticoagulation among patients with deep vein thrombosis or pulmonary embolism.
D
eep vein thrombosis (DVT) is a common disease in elderly Americans. 1, 2 The most dreaded complication, pulmonary embolism, has a high mortality rate in this population, and most deaths occur before the pulmonary embolism is treated. 2 The standard approach to treatment is acute anticoagulation with carefully administered and monitored intravenous (IV) heparin, followed by a period of oral anticoagulation with warfarin. 3 Since 1985, the National Heart Lung and Blood Institute (NHLBI) and/or the American College of Chest Physicians (ACCP) have convened four consensus conferences on anticoagulation therapy, which have provided guidance for anticoagulant use in this setting. [3] [4] [5] [6] At these conferences, experts in anticoagulation therapy generate consensus recommendations for therapy, based on a thorough review of the literature using strict rules of evidence. 7 These conferences have suggested that early achievement of therapeutic levels of anticoagulation might decrease recurrences; routine monitoring of platelet counts is indicated because of heparin-induced thrombocytopenia; heparin should be administered for at least 5 days in patients with DVT or pulmonary embolism, and until therapeutic anticoagulation with warfarin has been achieved and maintained for 2 days; and warfarin therapy can be instituted concurrently with heparin without increased risk of bleeding. 3 Investigators have examined the ability of clinicians to achieve the first of these goals, adequate anticoagulation within 24 hours of the initiation of heparin, in a variety of settings. [8] [9] [10] [11] [12] In general, the results have been disappointing, with the proportion of patients achieving this goal ranging from 22% 11 to 60%, 10 depending on the study. Exceptions have been studies of hospitals where heparin dosing nomograms have been used to guide therapy and the proportion of patients achieving adequate anticoagulation within 24 hours of the initiation of heparin has been significantly higher. 8, 10, [13] [14] [15] [16] Each of these studies, however, reflects practice in one or only a few hospitals. Further, none has examined other important features of heparin dosing, such as the frequency with which platelet counts are monitored, or the extent to which early initiation of warfarin therapy has been adopted in the community.
Because of these limitations, and as part of a plan to examine and improve the quality of care for Medicare beneficiaries in Pennsylvania, we conducted a study of anticoagulation for patients with DVT and pulmonary embolism in 21 randomly selected Pennsylvania hospitals. We compared practices observed in this study with those recommended in the 1989 ACCP-sponsored consensus conference. We emphasize, with the 1995 conference cochairs, 17 that these "recommendations are not rigid but JGIM are offered as guidelines for consideration by physicians who should adapt them to individual patient circumstances." Our use of the word "compliance" with these recommendations is not meant to imply that noncompliance represents suboptimal practice.
METHODS

Patients
We first identified all patients admitted to Pennsylvania hospitals with DVT or pulmonary embolism in the principal diagnosis position during the period January 1 to December 31, 1992. For each patient, the first such admission was selected. We used the following codes for DVT: 451.11, femoral vein phlebitis and thrombophlebitis; 451.19, thrombophlebitis and phlebitis of other deep vessels of the leg, not elsewhere classified (NEC); 451.2, thrombophlebitis and phlebitis of leg, unspecified; 451.81, iliac vein thrombophlebitis and phlebitis; 453.8, venous thrombosis, NEC; 453.9, venous thrombosis, of unspecified site. We also used code 415.1, pulmonary embolism and infarction. We excluded patients with a diagnosis code for vena cava filter placement, those who were discharged dead, and those who were transferred to another acute care facility. We then used a computerized random number generator to randomly select a set of 21 study hospitals, after stratifying by size and geographic location (eastern vs western Pennsylvania, urban vs rural). Finally, we randomly selected up to 18 qualifying discharges from each facility, with a target of 15 eligible discharges from each facility. The limited number of hospitals in the study and the limited number of patients per hospital were dictated by the cost of the interventions that we planned as part of the overall study.
Data Collection
A trained data abstractor reviewed each chart to confirm that the attending physician treated the patient for DVT or pulmonary embolism and that a vena cava filter had not been placed. We did not require laboratory confirmation of DVT or pulmonary embolism (e.g., venogram or ventilation perfusion scan results), as our focus was on therapy, given that the attending physician believed DVT or pulmonary embolism was present (regardless of whether the diagnosis was correct). We excluded patients for whom the attending physician discontinued therapy in the first 3 days because of a decision not to treat the DVT or pulmonary embolism (usually because of popliteal vein thrombosis). We also excluded those who were initially treated with thrombolytics or therapeutic doses of subcutaneous heparin because we were concerned about the dosing and monitoring of IV heparin therapy. Finally, we excluded patients who had been taking warfarin prior to admission, because the dosing of heparin in such patients might be atypical.
The abstractors extracted data regarding initial heparin dose, duration of heparin therapy, timing and results of the first six partial thromboplastin time (PTT) tests obtained during the 72 hours after starting heparin therapy and timing of up to seven platelet counts obtained after starting heparin therapy. In addition, they determined the date of the initial dose of warfarin, and the prothrombin time (PT) ratio most closely preceding the time the heparin was discontinued.
Analysis
For each patient, we determined whether five process end points were achieved. First was the time to the initial therapeutic PTT. Patients were considered to have achieved a therapeutic PTT at the time of the first of two consecutive PTTs that were more than 1.5 times control, excluding any PTTs obtained within 3 hours of the initial heparin bolus. When a hospital used a range of normal rather than a single control value, we considered the midpoint of the normal range to be the control value. Recent research makes it clear that the traditional use of 1.5 times control as the lower limit of the therapeutic range is frequently inaccurate because the therapeutic range actually varies considerably among lots of reagent and among laboratories. 18 It was not feasible to perform such studies on the reagents being used in each facility, so the traditional range was used. The second end point was whether at least one platelet count was obtained during the first 3 and the first 7 days of therapy. Third was whether the patient received at least 5 days (120 hours) of IV heparin therapy. We did not require that the PTT be therapeutic throughout this time. Fourth was the time from the onset of heparin therapy to warfarin initiation. Fifth was whether heparin therapy was continued until the patient was therapeutically anticoagulated with warfarin, as measured by a PT ratio greater than or equal to 1.3, or an International Normalized Ratio (INR) greater than or equal to 2.0. This PT ratio implies an International Sensitivity Index (ISI) of approximately 2.6, typical of reagents used in North America. 19 However, it is possible that the specific values varied somewhat among hospitals. The 1989 ACCP consensus recommendations suggest use of a PT ratio of 1.3 when INR is not available. 5 In addition to presenting descriptive statistics, we examined whether age, gender, and hospital influenced whether or not patients achieved these end points. We used the generalized estimating equation (GEE) method to calculate population estimates of rates, proportions, and means, and the 95% confidence intervals (CIs) for these estimates. This method adjusts for the clustering of observations (patients) within the sampled hospitals. 20 Our analysis of time to therapeutic PTT used survival analysis techniques because we only collected data on PTT for the first 72 hours, and some patients were censored prior to achieving a therapeutic PTT. Early warfarin administration had been associated with shorter length of stay in previous studies, 21 so we compared length of stay in pa- 
RESULTS
Data Analysis
The sampling process produced 21 hospitals across the state. Six of these were rural. Of the 15 urban hospitals, 6 were small (defined as fewer than 10,000 Medicare discharges annually). Of the 357 patient charts requested from these hospitals, we received 313 usable charts. We excluded 13 because the diagnosis of DVT or pulmonary embolism had been miscoded, 18 because the patient was not treated with IV heparin, and 12 for other reasons (vena caval filter, death, transfer, on warfarin at admission). All but one hospital, which was rural, contributed at least 11 patients-the maximum contributed by a hospital was 16. The characteristics of the study population are shown in Table 1 .
The majority of patients (172, 64%) were given a 5,000-U bolus of heparin to start therapy, along with an initial infusion rate of 1,000 U/h (146 patients, 54%). The distribution of times to therapeutic anticoagulation is shown in Figure 1 . The median time to the first check of PTT after starting the infusion was 6.25 hours. Following a subtherapeutic PTT result, the geometric mean time until a repeated PTT was drawn was 10.2 hours (95% CI 8.9, 11.7 hours). Within 24 hours of the start of heparin therapy, 66% (95% CI 59%, 72%) of patients had achieved therapeutic anticoagulation. The duration of heparin therapy was 120 hours or more (5 days) in 226 (84%; 95% CI 79%, 87%). The distribution of heparin therapy duration is shown in Figure 2 .
Platelets were monitored at least once during the first 7 days of treatment in 177 patients (66%; 95% CI 58%, 74%) and during the 3 days after starting heparin in 148 (55%; 95% CI 46%, 62%). Virtually all patients (266, 99%) were discharged on warfarin. Among these patients the heparin was continued until the PT was therapeutic in 193 (72%; 95% CI 63%, 80%). Only 155 (59%; 95% CI 51%, 67%) of the patients discharged on warfarin began warfarin within 2 days of heparin. The proportion of patients whose management met each of the recommendations we examined is summarized in Table 2 .
The hospital to which the patient was admitted was a significant predictor of time to a therapeutic PTT (median time for a hospital ranged from 6.5 to 40 hours, p ϭ .009), as well as duration of heparin therapy (median duration for a hospital ranged from 5.8 to 8.7 days, p Ͻ .001).
Age and gender did not differ between those who achieved and those who did not achieve any of the end points. Similarly, although there was a tendency for women to achieve a therapeutic PTT faster than men, the difference was of borderline statistical significance ( p ϭ .067).
Patients who began warfarin within 2 days of initiation of heparin therapy had a significantly shorter median length of stay than those in whom warfarin was started later (geometric mean 8.2 vs 9.7 days, p ϭ .003). In addition to time of warfarin initiation, the hospital where a patient was admitted also predicted length of stay.
We incidentally noted that 11 study hospitals were still reporting PT ratios rather than INRs when the study ended in December 1992. Follow-up in 1995 revealed that all had since adopted use of the INR.
DISCUSSION
In this study of heparin dosing practices in a large representative population of elderly Medicare beneficiaries with DVT or pulmonary embolism, we found that approximately two thirds achieved a therapeutic PTT during the first 24 hours of therapy. This is somewhat better compliance with this guideline than was found in studies of practice in hospitals in Tennessee, 12 North Carolina, 8 Utah, 10 Canada, 9 and England. 11 This result is remarkable given that most other studies classified patients who had only a transiently therapeutic PTT during the first 24 hours as therapeutic, while we required that consecutive PTTs be within the therapeutic range in order to avoid giving credit for patient who had had a PTT that was therapeutic following a heparin bolus. When we recalculated our measured compliance using this criterion (but excluding therapeutic PTTs obtained within 4 hours of starting treatment), it rose to 72%.
The reason for the superior performance we found is unclear. It may be that the older age of patients in the present study allows the traditional starting dose of a 5,000-U bolus and 1,000 U/h to put more patients into the therapeutic range, even though there is evidence from a randomized controlled trial that a heparin dosing nomo- gram using a more aggressive starting dose is more effective than a nomogram using these traditional starting doses. 13 Alternatively, evidence in the literature supporting more aggressive heparin dosing may have been translated into improved practice by the physicians practicing in the study hospitals. The proportion of patients achieving a therapeutic PTT within 24 hours is less, however, than the 77% to 99% proportion reported by a number of hospitals following the introduction of dosing nomograms. 8, 10, [13] [14] [15] [16] One other study showed that use of a nomogram allowed achievement of this goal in 66% of patients, but this was a marked improvement over the 38% of patients who reached the goal prior to the nomogram. 9 None of the hospitals in the study was routinely using a dosing nomogram by the end of 1992; therefore, such protocols likely represent one way to improve heparin dosing practices. Despite the absence of dosing nomograms in any of the hospitals, there was significant variation among hospitals in the proportion of patients who achieved a therapeutic PTT within 24 hours. In visits to present these data at 10 of the hospitals, no clear explanations for this variation emerged. This is the first study to demonstrate significant differences between clinical practice and a number of other consensus recommendations including routine monitoring of platelet counts, duration of heparin therapy, and early initiation of warfarin in this population. Early warfarin administration might also represent an opportunity for substantial cost savings. Our finding that early warfarin administration was associated with a 1.5-day decrease in median length of stay is supported by randomized trial data demonstrating that this approach is both safe and cost-effective. 14, 21 Our data suggest that 3,240 (42%) of the 7,714 Pennsylvania Medicare beneficiaries (unpublished analysis of Medicare claims by KePRO) admitted with DVT during 1992 did not start warfarin therapy within 2 days of starting heparin, therefore, improved compliance with early warfarin initiation could reduce total hospital days for this group by nearly 5,000 days. Similar savings might be expected in other parts of the country. 
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There are a number of potential reasons for the suboptimal compliance noted in our study. First, the attending physicians might not agree with the consensus recommendations. Indeed, the primary study end point, achievement of a therapeutic PTT within 24 hours, is not supported by any randomized controlled trial, but rather by retrospective comparisons of patients who did and did not achieve this end point. 3, 22 Moreover, some researchers have questioned the validity of the assertion that not achieving therapeutic anticoagulation early in the course of treatment leads to unacceptably high recurrence rates. 23 This is supported by our observation that, for patients in our study, the rate of readmission for DVT or pulmonary embolism during the 90 days following the index admission was just 2.5%, and was similar in patients who did and patient who did not achieve therapeutic anticoagulation within 24 hours of starting heparin (data not shown). However, in presentations of the data to physicians practicing at 10 of the 21 study hospitals, none disagreed with the consensus recommendations that we used as benchmarks.
Second, the nature of the study population may have made the recommendations inappropriate for the individual patients. However, we restricted our study to those patients in whom intravenous heparin was the initial therapy and excluded those who had placement of a vena cava filter, were transferred, or died during the hospitalization. Further, we note that virtually all of the study population was discharged on warfarin. Each of these factors suggests that the practices seen in our study reflect the results of straightforward treatment of elderly patients with intravenous heparin for DVT and pulmonary embolism.
Third, inadequate monitoring of PTTs and platelet counts might reflect physicians' responses to perceived fiscal constraints. However, the best compliance was with FIGURE 2. Duration of intravenous heparin therapy among patients treated for venous thromboembolic disease. the guideline that 5 days of heparin therapy be providedperhaps the most expensive of the end points to achieve. Further, the early use of warfarin, which most evidence suggests would lead to cost savings, was not widespread. The wide spectrum of end points examined makes it clear that our results reflect more than a problem with a single aspect of care (e.g., poor turnaround time in the clinical laboratory). Finally, one might question whether it is reasonable to expect 100% compliance with these recommendations, given the wide diversity of clinical situations faced by individual clinicians and patients. Moreover, dosing of unfractionated heparin is notoriously difficult. We agree that 100% compliance is unlikely to be achieved, but point out that three of five recommendations (for early warfarin use, for therapeutic PTT within 24 hours, and for routine checks of platelet counts) were met by fewer than two thirds of the patients in the sample. Moreover, evidence in the literature suggests that the degree of compliance can be increased with relatively simple interventions. Further, each of the hospitals with which we discussed the study results believed that compliance could be improved with relatively simple interventions, such as physician education or institution of a nomogram. The results of these interventions are currently being evaluated.
In conclusion, we have shown that the delivery of heparin therapy for DVT and pulmonary embolism to Pennsylvania Medicare beneficiaries often fails to achieve a number of process objectives for such therapy set forth in ACCP consensus recommendations published in 1989. 5 Unlike previous studies, our study reflects clinical practice with a random sample of patients who were drawn from a diverse sample of hospitals, and thus are likely to reflect representative anticoagulation practices in older patients throughout the state. We found that compliance with at least one of these recommendations, achieving early therapeutic levels of anticoagulation, exceeded that which was reported in the literature.
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